Abstract
Introduction

21
Oxidation is one of the most important processes involved in food degradation. Antioxidants 
26
have fostered more efficient and cleaner extraction processes to isolate natural antioxidants.
28
Natural antioxidants are mainly polyphenolic compounds, aromatic secondary plant 29 metabolites. In rosemary, the most important ones are rosmarinic acid and carnosic acid. They 
108
higher viscosity of the medium lowers this mechanism by affecting molecular rotation.
109
Because water within the plant matrix absorbs microwave energy, cell disruption is promoted 110 by internal superheating, which facilitates desorption of chemicals from the matrix, improving 
112
However, there exists an opposite opinion, according to which microwave-transparent 113 solvents, i.e. low dielectric constant solvents, are better than microwave absorbing ones.
114
Thanks to the moisture content of the sample, the heat will be distributed fast through the 115 extraction matrix , and then it will be transferred to the solvent, which remains cold during 
119
Ultrasounds assisted extraction
120
The benefit of using ultrasound in plant extraction has already been applied to a number of 121 compounds of interest in both the pharmacology and food industries (Vinatoru et al., 1999).
122
The observed enhancement of extraction of organic compounds by ultrasound is attributed to 
133
Ultrasound may also produce some chemical effects due to the production of free radicals 
162
The essential oil was removed from the plant by solvent free microwave extraction (SFME) as 
167
The milling was carried out in a two blade coffee grinder (Braun) at ambient conditions. The 
182
The temperature increase was monitored by a fiber-optical thermo-sensor (FoTemp 4,
183
OPTOcon GmgH, accuracy 0.1K).
185
Ultrasounds assisted extraction (USAE)
It was carried out keeping the same plant to solvent ratio (1:6 w/w) and same energy input as 187 in the MAE process (ca. 300 J/g). A Hielscher ultrasonic processor UP400S (400 watts, 24kHz) 188 with a horn of 22 mm in diameter was used.
189
Two operational procedures were tested: a discontinuous process, with 30s ON/OFF cycles to a thermo-sensor (FoTemp 4, OPTOcon GmgH, accuracy 0.1K). 
228
The ability of the extracts to scavenge DPPH• (1,1-diphenyl-2-picrylhydrazyl) radical was 229 assessed spectrophotometrically as described by (Almeida et al., 2010) .
230
Briefly, the liquid ethanolic rosemary extracts were diluted in ethanol and mixed with 1 mL 
239
Where Abs blank is the absorbance of the solvent, Abs control is the absorbance of DPHH• solution 240 diluted to 3.5 mL without extract and Abs sample is the absorbance of the sample at a given the DPPH• can form aggregates and it will not react with the antioxidants (Staško et al, 2007 ).
246
The 
250
The presented value is the mean of three independent analyses.
The results of the different extraction procedures in terms of extraction yield, extract 254 composition (total phenols, rosmarinic acid and carnosic acid) and antioxidant activity are
255
shown in Tables 1 to 3 for the different pretreatments.
257
Extraction yield and composition
259
Without any pretreatment, ethanol is the better choice as solvent and the extraction is quite 260 improved using any of the assisted extraction techniques, being the MAE the one that 261 performs better taking into account all the analyzed parameters. However, when only the de-
262
oiled pre-treatment is carried out, the extracts produced by the conventional and MAE
263
processes are quite similar. Nevertheless, according to a kinetic study of the extraction process 264 (Figure 1 ), the outcome of the assisted process can be improved increasing the energy input,
265
either by a longer extraction time or higher power input, as the concentration of polyphenols
266
(carnosic or rosmarinic acid) has not reached a plateau as in the conventional process. 
274
The global yield of extraction is not improved by the pre-treatment when using ethanol as 
278
increases the yield of these compounds, although to a lower degree.
280
If both pretreatments are carried out, the water extraction shows better performance than the 
289
Moreover, the total amount of rosmarinic acid extracted by any of the solvents by the MAE 
306
Further it has to be noted that, in general, results from cyclic and continuous ultrasound 307 processes are quite similar so results for this technique were referred globally in the previous 308 discussion. The continuous process has the advantage of a better control of the temperature,
309
avoiding high temperatures that may degrade the antioxidants.
311
These results can be explained taking into account the steps of the extraction process.
312
The milling process reduces inner mass transfer limitations. Total phenol content of ethanolic
313
extracts from CSE is increased by a factor of 2, by a factor of 3 within extracts from MAE and by
314
a factor near to 4 within the extracts from USAE process (Data from Table 1 and Table 2 ). The De-oiling by SFME also improves the inner mass transfer because the membranes of the cell 319 and chloroplasts are broken by internal superheating, which facilitates liberation of solutes 320 from the matrix. Total phenol content of ethanolic extracts from CSE is increased by a factor of 321 3, by a factor of only 1.5 within extracts from MAE and by a factor of 2 within the extracts from
322
USAE process (Data from Table 2 and Table 3 ). The factors of MAE and USAE are lower because 323 these techniques already reduce solvent transport limitation, as previously mentioned.
324
It can be also noticed that without any pretreatment, total phenol content of ethanolic 
329
This shows that the controlling step of the extraction process is the inner mass transport. 
337
Regarding the effect of the pre-treatment step, the general trend is that the pretreatment 
364
Ethanol extraction can be further improved by the use of low energy input (300 J/g) and short 365 time (7 min) assisted process like microwave assisted (MAE) and ultrasound assisted extraction
366
(USAE). Internal mass transport is additionally increased by MAE whereas USAE enhances 367 external mass transport, which is more significant in aqueous extracts.
368
The proposed extraction procedure, solvent free oil extraction and grinding followed by an 
